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ABSTRACT
Cerebral palsy is one of the most common chronic disabling conditions of
children occurring in 1.5 to 2.5 per 1000 live births with a similar prevalence rate
into adolescence and adulthood. The most common type of cerebral palsy is
spastic cerebral palsy. Cerebral palsy (CP) is chracterized by increased muscle
tone, decreased range of motion, and altered motor coordination resulting in an
impairment in function. Spasticity contributes to muscle contractu res and
creates abnormal movement patterns.
Selective dorsal rhizotomy is a surgical procedure that is used to reduce a
child's spasticity. It has been proven to reduce the spasticity, but is still
controversial as to whether it makes the child more functional.
The purpose of this study is to provide a current literature review of the
selective dorsal rhizotomy procedure, the complications that could occur, and the
functional outcomes that have been researched to enable physical therapists to
effectively and efficiently treat this type of patient.
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CHAPTER I
INTRODUCTION
Cerebral palsy is not a disease, but rather, a nonprogressive disorder of
movement or posture with an early onset. 1 Cerebral palsy is one of the most
common chronic disabling conditions of children occurring in 1.5 to 2.5 per 1000
live births with similar prevalence rates in adolescence and adulthood. 2
McLaughlin et al 2 define cerebral palsy as a motor disability caused by
impairment of brain function during the developmental period of life. Abbott et al 3
describe cerebral palsy as a static encephalopathy resulting in a central nervous
system injury during the perinatal period. Of the majority of research that has
been done, it seems to be unanimous that cerebral palsy is a nonprogressive
brain injury which impairs motor function. 1-4 Debate continues as to when the
injury actually occurs, whether it be before, during, or after birth. Cerebral palsy
has a varied range of disabling effects. Some children may have near normal
motor function, whereas other children may be highly involved with very little
motor function at all.
Cerebral palsy (CP) has been subdivided into four types: spastic,
athetoid, ataxic, and hypotonic. The focus of this paper will be on spastic CPo
Spastic CP is the most common type of cerebral palsy, accounting for 73% of
the cases. 4 Spastic CP is characterized by increased muscle tone, decreased
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range of motion, decreased motor coordination, and impaired function. 3 Spastic
CP has been further divided according to the limbs affected: spastic
quadriplegia is defined as both arms and legs involved; spastic hemiplegia
includes one arm and leg on the same side affected; and spastic diplegia
involves the lower extremities to a greater degree than upper extremities. It is
estimated that 80% of premature infants suffering from spasticity have spastic
diplegia. 4
Clinicians often use the terms "tone" and "spasticity" interchangeably
when discussing a child with CP.s These two terms are often very confusing,
with definitions being vague. Landaus defines tone as a state of muscle
activation. Fasano et al s describe tone in terms of movement patterns.
Spasticity is defined clinically as increased resistance to passive stretch of
muscles, which is most apparent with quick stretch and at the onset of slow
stretch. 2 Gans and GlennS define spasticity as a syndrome associated with
increased involuntary muscle reflex activity in response to stretch. According to
Peacock and Staudt,S spasticity is described as increased resistance to passive
movement, hyperreflexia, and involuntary muscle spasms. All of these authors
concur that spasticity is characterized by hyperexcitability of the stretch reflex
causing a velocity-dependent increase in muscle tone with exaggerated tendon
jerks. 2 •4. 6
Spasticity develops in children with cerebral palsy because the
descending motor nerve tracts are damaged and normal muscle movements are
resisted and limited . The resulting muscle contractu res limit joint movement and
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create abnormal motor patterns. 7 The effects of spasticity on children can be
positive or negative. Some clinicians find extensor spasticity useful to increase
function when considerable weakness is present. One example is that spasticity
may produce stiffness in the trunk and around the joints of the lower extremity
which improves weight-supporting ability so that patients may stand. 5 Peacock
and Staudt5 believe that, as a result of the spasticity, patients often develop
abnormal posture and gait characterized by reflex spasms in extensor, flexor,
and adductor muscles that create toe-walking and scissoring. McLaughlin et al 2
describe the gait of a spastic diplegic child as a "crouched" posture, in-toeing
steps, toe-walking, scissoring, excessive trunk sway, dragging of feet, and poor
endurance for long-distance walking. One may conclude that spasticity in
children with spastic diplegia causes abnormalities in their gait patterns. In other
words, if we could treat these children in physical therapy to help reduce the
spasticity, we may be able to improve their gait patterns and make it much more
natural. Unfortunately, observations of clinicians suggest that without continual
inhibition of spasticity, the normal movement patterns acquired in therapy
sessions often are temporary and seldom carry over to functional tasks.5
Until the mid 1980s, physical therapy, bracing, and surgical intervention
(to treat contractures of the spastic flexor muscles) were the only treatments
available for children with spastic cerebral palsy.7 These children often had to
undergo repeated tendon-lengthening procedures and long-term physical
therapy because available treatment modalities did not decrease their spasticity.
When spasticity did not respond to any of these methods, neurosurgery may
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have been appropriate. 8 Neurosurgery has been shown to alleviate the spasticity
with a procedure known as selective dorsal rhizotomy.
Selective dorsal rhizotomy is the neurosurgical detachment of a certain
proportion of dorsal rootlets and is specifically designed to reduce spasticity 9 . It
has been applied most often to children with cerebral palsy and occasionally to
patients with spasticity secondary to other upper motor neuron disorders. While
various forms of dorsal rhizotomy have been used for almost a century,
increasing enthusiasm regarding this procedure has occurred in the past decade
and it is now being used in many centers throughout North America. 9 As this
procedure becomes more prominent in medically treating spasticity, it is
important for physical therapists to be well-informed about the background, what
advances in the procedure are being made, what complications could occur, and
what outcomes we can expect to see following the surgery and during rehab in
children with spastic CPo
The purpose of this independent study is to provide a current literature
review of the selective dorsal rhizotomy procedure, the complications that could
occur, and the functional outcomes that have been researched to enable
physical therapists to effectively and efficiently treat this type of patient.

CHAPTER II
EVOLUTION OF SELECTIVE DORSAL RHIZOTOMY
Dorsal rhizotomy for the reduction of spasticity began nearly 100 years
ago and has developed over time to become a valuable tool for the management
of selected patients with spastic CP . 10 The initial use of dorsal rhizotomies was
for the treatment of unremitting limb pain. 11 In September 1888, a neurologist,
Dr. Charles Dana, first suggested dorsal rhizotomy for the treatment of limb pain
in a letter to Dr. Robert Abbe. In December of 1888, Dr. Abbe performed his first
rhizotomy to treat an individual suffering from neuralgia of the arm. At the same
time, a British surgeon, Bennett, reported using dorsal rhizotomies to treat
painful spasms in an individual with success in alleviating the pain. In 1898,
Sherrington published observations on hypertonic decerebrate cats. 10•12 He
found that divisioning of the posterior spinal nerve roots abolished hypertonus.
He discovered the facilitatory role of the posterior spinal nerve roots in the cat
was key to the subsequent use of posterior rhizotomy in spastic human
patients. 1o
In 1913, Foerster described reduction of muscle tone and improved
posture and function in patients with "congenital spastic paraplegia" after
divisioning of whole posterior nerve rootS. 12 Seventy-nine patients with
"congenital spastic paraplegia" were treated with this procedure. 10 He divided
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the entire posterior nerve roots from L2 to S2' sparing L4 or Ls to preserve
quadriceps tone for standing. Although Foerster did not report significant
sensory loss among his patients, the procedure later fell from favor, presumably
due to sensory complications from the procedure with excessive deafferentation
(cutting the afferent nerve supply). Even at this early date, Foerster was
concerned with many of the issues we struggle with today, such as appropriate
patient selection, the need for antigravity extensor power, intraoperative
identification of spinal nerve root levels, and postoperative therapeutic exercise.
Later in his surgical procedure, Foerster began to use intraoperative electrical
stimulation of the dorsal roots while monitoring the evoked responses in the legs,
seeking to determine which roots were triggering the quadricep's
hypertonicity.1o.1\ This appears to be the first report of intraoperative stimulation
being used to direct the surgicallesioning .11 Foerster also began stressing the
importance of guided postoperative exercise routine. 10 Although his
contributions were significant, the procedure was basically abandoned until the
1960s.
In the 1960s Professor Gros and his students of Montpellier, France,
worked on modifications of Foerster's procedure in an attempt to limit the side
effects. 11 They made use of the fact that each posterior root divided into several
rootlets prior to entering the spinal cord. 10 By cutting only a portion of each root

(4/5 of the rootlets), there was greater sparing of sensation. Although sensory
difficulties were basically eliminated at this point, the effectiveness of the
procedure was not felt to be satisfactory. In 1972, Sindou, a former student of
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Gros, reported improvement in long term results by selectively sectioning dorsal
root fibers anatomically at the dorsal root entry zone. 13
In 1978, with the availability of intraoperative electromyography (EMG),
Fasano continued the advancement of rhizotomy techniques. He selectively cut
nerve rootlets whose intraoperative electrophysiological stimulation responses
implicated them as playing a major role in contributing to the patient's
spasticity.12,13 The utilization of intraoperative EMG recordings to select out and
section specific nerve fibers is referred to as functional (selective) dorsal
rhizotomy.
In the 1980s, further interest in neurosurgical management of spasticity in
cerebral palsy developed in Cape Town, South Africa.1O Using the Fasano's
technique of operating at the level of the conus medullaris, Peacock discovered
that there was a potential for bowel and bladder complications. It was difficult to
positively identify rootlets belonging to the S3 nerve root which must be spared to
ensure preservation of bowel and bladder function.
Concerns for the preservation of sphincter control led Peacock in 1982 to
modify this surgical technique by changing the site of surgery from the conus
medullaris to the cauda equina. 11 ,12,14 This achieved reliable identification of the
roots and preservation of sacral nerve roots innervating the bowel and bladder.11
Peacock used his modifications on 60 children to treat their spasticity with good
results. It was his reporting of these results during the mid 1980s that
regenerated interest in using rhizotomies to treat spasticity surgically.

8
In 1986, the above procedure was introduced in the United States and,
since that time, various approaches to the management of patients undergoing
rhizotomy have emerged with many hospitals and medical centers performing
the procedure.10 Further developments in the procedure over the past five years
have occurred in the areas of surgical technique, intraoperative testing, patient
selection, and postoperative therapy management.
The most recent research on modifying the selective dorsal rhizotomy
(SDR) technique was in an article written by Park et al 15 in 1993. This article
discussed the incidence of a child developing spinal deformity after having had
the lumbar laminectomy that occurs with the selective dorsal rhizotomy
procedure. Park et al 15 found that when the laminectomy was done at the L1_2
level, spinal deformity was reduced. Doing the laminectomy at this level also
allowed for adequate exposure of the lumbosacral spinal roots desirable for a
SDR. When this procedure was done on 66 children, none of them developed
any long lasting complications and spasticity was always reduced.
SDR, as practiced today, is based on a procedure which began
developing nearly 100 years ago and has led us to a new frontier in the
management of spasticity and the treatment of cerebral palsy.10 The surgical
technique itself has been refined over the years based on neurophysiological
and anatomical facts resulting in a safer and more effective method of reducing
spasticity. SDR may be the first step in the effective management of spasticity
problems; however, appropriate patient selection is vital to its success.12, 13

CHAPTER III
PATIENT SELECTION
Selective posterior rhizotomy is "selective" in more ways than one. 11
Although the term refers to the intraoperative selection of rootlets responsible for
spasticity, it also alludes to the fact that not all individuals with spasticity should
undergo this procedure. There are two broad categories of candidates. The first
group includes patients who are functionally limited by their spasticity and have
the potential for ambulation. 11 .13 These patients are tested to be sure that they
have sufficient underlying voluntary power to maintain and eventually improve
their functional abilities once the spasticity has been alleviated. The most
common motor abnormality of this group is spastic diplegia. 13 This group is
usually of normal or near normal intelligence and can actively participate in their
daily therapy.11 Strong emphasis is also placed on the commitment of the family
to participate in postoperative physical therapy.13
The second group of patients is represented by children who have
remained moderately to severely spastic despite previous medical and/or
surgical management. The most common type of motor abnormality in this
group is spastic quadriplegia, often interfereing with sitting, bathing, positioning,
and functioning independently with activities of daily.11 The degree of spasticity
that occurs frequently causes a great deal of discomfort. These children are not
9
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potential ambulators, and thus intelligence level and commitment to a
postoperative physical therapy program are not primary concerns.11 .13 The goal
for this group is to ease all aspects of daily living and to make the individual more
comfortable.
Not all children with spastic CP can benefit from selective dorsal
rhizotomy.7 A child with CP who would not be considered a candidate for SDR
has a history of meningitis, congenital infection, congenital hydrocephalus
unrelated to premature birth, head trauma, or familial neurologic disease; has
mixed CP with rigidity, dystonia, hypotonia, athetosis, or ataxia; has severe
scoliosis; or would not be expected to make functional gains after surgery.7.11.13.16
According to Abbott et al,12 spasticity or increased tone being diminished in an
individual is not always clinically beneficial. Examples in which SDR might be
detrimental to the patient include: an individual with functional ambulation skills
and significant weakness in the antigravity muscles of the legs who depends
upon hypertonicity in the knee extensors to bear weight or an individual with a
progressive rather than static encephalopathy in whom the underlying disease
will not relent.
Staudt and Peacock's 12 definition of the best candidates for selective
posterior rhizotomy are children who have spasticity without dyskinesia, no fixed
contractu res or deformities, no previous orthopedic surgery, and who display
evidence of voluntary strength and muscle control. Landau and Hunt17 feel that
patients who best fit the criteria for rhizotomy should be afflicted with cerebral
spastic diplegia, intelligent, able to walk, good muscle strength, and in the age
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range of three to eight years. McDonald et aI 9,13,1 6 do not give specific definitions
of a "best candidate" in their writings . They do, however, give certain
characteristics that they look for when evaluating a child for the procedure.
These characteristics are listed in Table 1. After reviewing many authors'
perspectives for the ideal characteristics a candidate should possess to undergo
a SDR, the characteristic that seems to vary the most amongst authors is the
age range for candidates. Hendricks7 gives the largest range with patients
between 2 and 23 years of age.
Table 1- Favorable Patient Characteristics for Selective Dorsal Rhizotomy
Family support and interaction
Purely spastic (absence of athetosis, ataxia, dystonia, rigidity)
Predominantly spastic diplegia
Function limited primarily by spasticity (spasticity not used for functional
benefits)
Unbound by primitive reflexes/abnormal movement patterns
Absence of profound underlying weakness
Selective motor control
Some degree of spontaneous forward locomotion
Adequate truncal balance/righting responses
Born prematurely
Ages of 3-8
Minimal or no joint contractu res or spinal deformity
Few or no orthopedic procedures
Commitment to post-op physical therapy
Adequate cognitive ability to follow directions and participate in therapy
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Walker 18 narrows the range slightly to between 2 and 17 years of age. Neither
author gives reasons for selection of these ranges. Most of the other authors
agree that the surgery should not be considered until the child is at least three
years old. 9,14,16,17,19 According to Goldstein,19 clinicians often wait until a child is
three years old before identifying the type and severity of his or her CP because
the brain cells and the connections in the brain may change as the child
matures. Children at the age of two and younger are also felt to have a limited
ability to cooperate with the intensive postoperative therapy program. 9 These
same authors feel that surgery has the best outcome if it is performed on
younger patients. They suggest that the high end of the age range be between 8
and 14 years old .
Brucker14 suggests that to be considered for surgery the age for girls
should be between 3 and 12 years old and for boys between 3 and 14 years old.
She feels that these ages facilitate and maximize the relearning process.
Unfortunately, Brucker also feels that adolescents do not do well with this
procedure due to long-term maladaptive techniques incorporated into their motor
function. The enforced dependency, which is required postprocedure, is often
cause for rebellion resulting in decreased compliance and possible risk-taking
behaviors that may cause injury.
MCDonald,16 on the other hand, says that maximal functional benefit
occurs in pre-school age children with spastic diplegia. His research suggests
that younger patients may have developed fewer abnormal movement patterns
and they tend to have fewer musculoskeletal deformities. His research also
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suggests that younger children with diplegia also show the most functional gains
without treatment.
Due to the wide spectrum of clinical manifestations present in children
with cerebral palsy, it is important that a team approach be employed in selecting
a good candidate for SDR. 13 Members of this team should include a physical
therapist, occupational therapist, social worker, pediatrician, neurophysiologist,
orthopaedic surgeon, and surgical neurologist. Using the Peacock approach and
the selection criteria that has been developed will help to ensure that the surgical
procedure will have the maximum benefits possible for the selected few.

CHAPTER IV
SURGICAL PROCEDURE
A presurgical assessment of the muscle groups is done to determine
which muscle groups should be monitored intraoperatively.20 This presurgery
assessment will optimize the information gained during the surgical procedure.
Although the muscles selected for monitoring may vary depending on the clinical
status of the child, muscles are chosen to ensure that L2 through S1 nerve roots
are represented. Adductor longus, medial gastrocnemius, medial hamstring, and
gluteus maximus on each side are the most frequently monitored. Spasticity in
the first three muscles often leads to the greatest functional deficits in children
with CP.20 Newberg et al 20 feel that the gluteus maximus muscle is very
important for walking and is often weak in children with CPo Thus, the gluteus
maximus is monitored to avoid sectioning too many rootlets that stimulate this
muscle.
A child receives a general anesthesia before surgery, which makes him
unconscious for the entire procedure. 4 ,19,21 Anesthesia is induced with either
inhalation agents or IV sodium thiopental. 11 Intubation is done without muscle
relaxants or with short-acting depolarizing or nondepolarizing drugs.9,16 The
anesthesia must be given in a manner that preserves completely a muscle's
ability to contract in response to afferent stimulation that occurs during surgery.11

14
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A constant level of maintenance inhalation agent and narcotic analgesic is used;
however, patients may still exhibit labile physiologic responses during root
stimulation. 9.16 The anesthetic effects on the specific neurophysiologic
parameters measured remains largely unknown . The patient is now placed in a
prone position with a bolster under the chest and pelvis.12 The bolsters will help
prevent areas of pressure, nerve injury, or stretching injury.18
The surgical procedure may take anywhere from four to eight hours, even
as long as twelve hours.19 The neurosurgeon begins by making a two- to threeinch incision along the center of the child's lower back (i.e., L1 or L2 to 8 2).7
Limited laminectomies are performed from L2 to Ls with preservation of the facet
joints to ensure spinal stability.4.9.11 .12.16.21 Other authors suggest performing the
laminotomy procedure in hopes of maintaining better spinal stability.9.16 The dura
is opened at the midline and the cauda equina is exposed . This approach
permits easy identification of the sacral roots involved in sphincter control which
is important so that bowel and bladder function are not disrupted. 4
Two microneurosurgical electrodes are used to stimulate the posterior
root and rootlets of each nerve from L2 through 8 2.12 The response to electrical
stimUlation at threshold voltage is monitored by recording electromyographic
(EMG) responses from major muscle groups of the lower extremities and by
visually observing the legs. Clinical observation is used to help determine an
abnormal muscle contraction, with the EMG being used as a "safety net." 11 This
is because frequent false-positive EMG activity will be seen due to volume
conduction of electrical potentials from adjacent, contracting muscle groups.
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The decision to transect or preserve specific rootlets is made on the basis of
these two pieces of information. In theory, the goal of SDR is to identify a
population of rootlets at each spinal level that contain afferents involved in the
abnormal or disinhibited pathways and then to permanently disrupt those
afferent rootlets in order to decrease spasticity and improve function. 9 . 16
According to Staudt and Peacock,12 a normal response is a localized
nonsustained contraction. Newberg et al 20 expand on what to look for in a
normal response. They state that a normal EMG response exhibits a single
action potential in response to a 20 Hz train reflecting a normal inhibition process
as shown in Fig. 1. A normal visual response appears as a single muscle
contraction followed by relaxation during the remainder of a one-second
stimulation interval.
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Fig. 1. A normal electro physiological response to stimulation of the
L4 dorsal root on the right side.

Figure 1 from Newberg et al. 20
Staudt and Peacock 12 have a very simple explanation for an abnormal
response. They state that a response which spreads to inappropriate muscle
groups or continues beyond the duration of stimulation are considered to be
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abnormal. Newberg et al 20 describe an abnormal response as (1) a diffuse
response to stimulation (fig. 2), (2) a stimulus which exhibits no inhibition and
appears as a tonic contraction (fig. 3), and (3) EMG activity continuing beyond
cessation of stimulus (fig. 4). Visually, they describe an abnormal response as a
prolonged or gradual relaxation of the muscle. McLaughlin et al 2 agree with the
above criteria for an abnormal response.
During a SDR, rootlets associated with normal responses are spared,
while those associated with abnormal responses are divided .12 To reduce the
spasticity, the neurosurgeon will cut some of the rootlets that make up each
sensory nerve fiber.19 Rootlets of motor nerves will not be cut because this
would prevent the muscles from receiving messages from the brain, leaving
them with no tone, therefore, soft and unresponsive. It is unclear why cutting
sensory nerve rootlets decreases spasticity, but doctors believe that decreasing
the number of messages being sent from the muscles to the brain causes the
muscle tone control system to work more effectively. To minimize the risks of
sensory deficits, no more than 50% of the rootlets are cut. 3 This operation is
often successful in reducing spasticity. The spasticity seldom recurs, and the
patients do not normally suffer any functional sensory deficits.17 The operation is
safe and free of significant mortality and morbidity, but with any surgical
procedure and/or lengthy anesthesia time, the potential for complications exists
and should be anticipated. 14
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Each child who undergoes SDR is at risk for developing intraoperative and
post-operative complications. Hendricks7 identifies the most common
complications affecting SDR patients as being:
• alteration in comfort related to the surgical incision
• impaired gas exchange related to general anesthesia
• injury or trauma related to chemical or electrical hazards, improper
positioning, or nosocomial infections
• alteration in fluid and electrolyte balance
• alteration in urinary elimination
• neuromuscular changes related to improper positioning.
According to McDonald,9.16 there have been no reported deaths in the modern
era of SDR. Complications include aspiration pneumonia, intraoperative
bronchospasms requiring cessation of the procedure, temporary loss of bowel
and bladder function, cerebral spinal fluid leak, transient sensory complaints,
transient or permanent hypotonia, urinary tract infection secondary to an
indwelling Foley catheter, wound infection, and anemia requiring transfusion .
Abbotf2 and Brucker14 expand on a few of these complications, describing early
recognition and offering suggestions on prevention and treatment.
Physical Therapy Intervention
An integral adjunct to the surgical procedure is postoperative physical
therapy.4 For the first three or four days postoperatively, the child is confined to
bed, lying on his or her stomach. 19 On the third day, treatment should begin with
limitations placed on passive rotation, lateral flexion, and forward flexion of the
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trunk to prevent dural cerebral spinal fluid leak. Active movements are allowed
to the child's tolerance by the sixth post-operative day.16 The treatment program
should address protection of weak muscles and joints, improvement and
maintenance of range of motion, improvement of strength and motor control, and
development of functional skills.12
Although tone is reduced, the child may still retain the abnormal postural
patterns and movement may actually appear disorganized. Normal patterns of
movement must be relearned and the muscles strengthened and stretched to
increase endurance and regain range of motion. Weakness may be observed in
muscle groups that were previously spastic, such as the gastrocsoleus complex.
Orthoses or bivalved casts are used to help control alignment and provide
stability of the foot and ankle after rhizotomy. Ongoing modificaton of these
devices may be necessary as progress takes place. This allows the child to
develop proximal control and stability while gradually introducing active control of
the entire Iimb. 12
With the reduction in spasticity, the therapist can now spend less time on
inhibition and can place more emphasis on muscle strength, range of motion,
and muscle re-education.23 A variety of re-education techniques have been
used, including neurodevelopmental therapy, proprioceptive neuromuscular
facilitation, EMG biofeedback, functional electrical stimulation, and isokinetic
exercise. 16
The goals for treatment include (1) decreased potential for complications
and deformity, (2) improved range of motion, alignment, and positioning, (3)
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improved strength and active control, (4) improved quality of movement, and (5)
increased functional skills.16 Treatment goals should be realistic and incorporate
functional skill development.
There have been no controlled studies to date documenting the intensity,
type, or duration of therapy needed following SDR. Some authors2 . 19 suggest
that each patient receive two hours of physical therapy per day, five days per
week for the first month. For the next five months, patients should receive three
to five hours of physical therapy per week in an outpatient clinic. Six months
after SDR, the frequency of physical therapy will be determined by customary
clinical guidelines unless there are more specific indications to continue a more
intensive physical therapy program. An intensive and consistent physical
therapy program tailored to the needs of each individual child is essential to
ensure maximal physical progress and functional gains after the surgical
procedure. 16

CHAPTER V
EFFECTS OF SELECTIVE DORSAL RHIZOTOMY
Not all children improve after selective dorsal rhizotomy and some even
lose function. 19 Although clinicians know that children with spastic diplegia are
more likely to improve than children with spastic quadriplegia, they cannot predict
which individual child will progress with better function. When improvement
occurs, it may be different for each child. Following SDR, children with spastic
diplegia may be able to stand with their feet flat on the floor. They may also
make gains in walking , climbing stairs,or self-care tasks. Some researchers 19
even report more independence in skills that include upper body movements,
probably related to improvement in overall balance and stability. Children with
spastic quadriplegia may improve in sitting or in their ability to transfer from one
seated position to another. They may also improve in self-care skills and be less
dependent on the assistance of others.
Range of Motion
Patients with CP are hampered in performing a variety of motor tasks
because of inappropriate muscle action as well as secondary contractu res and
deformities. 24 McDonald 16 reported that what appears to be fixed joint
contractu res in many cases are actually functional limitations caused by
spasticity. An equally important but less well-recognized problem is a primary
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deficit in motor control that prevents the patient from initiating the proper
sequence of muscle action. Guiliani5 observed increased ROM in both standing
and sitting postures and attributed it to the decreased spasticity or resistance to
passive stretch. All the patients in Guiliani's5 study had increased knee and
ankle ROM in sitting, in standing, and during initial contact in gait. These
changes were not consistent, however, and abnormal movement patterns
persisted. This persistence of abnormal movement patterns in the presence of
reduced spasticity and increased ROM suggests the influence of learned
abnormal movement patterns. Guiliani 5 concluded that it is feasible that a period
of learning, exercise, and practice is necessary for continued development of
normal movement patterns. By using the SDR procedure, many of the problems
a child with CP has can be helped by decreasing the spasticity as long as
therapy is initiated following surgery.
Muscle Tone
The decrease in tone throughout the lower extremities is clinically
pronounced from the immediate SDR postoperative period and has been
documented in 60% to 100% of patients. 16 Abbott et al 3 developed a new
muscle tone scale for the assessment of patients pre- and post-SDR. The New
York University Tone scale is a modification of the Ashworth scale. The tone
scale goes from -1 to 3 and the ratings are defined in Table 2. The scale was
developed with patients pre-operatively, 6 months and 12 months
postoperatively. All the children described in this study experienced significant
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improvement in limb tone and range of motion, an improvement that was
maintained between the 6- and 12-month examinations.3
Table 2-New York University Tone Scale.

Rating
-1

Tonicity

Description

Hypertonic

less than normal tone

0

Normal

appropriate resistance to passive
limb movement

1

Mildly Increased

minimal resistance to passive
movement, but voluntary
movement not impaired

2

Moderately Increased

moderate resistance to passive
limb movement, full available
ROM can be achieved passively,
voluntary movement is impaired

3

Severely Increased

severe resistance to passive
movement, full range cannot be
reached or reached with
difficulty, voluntary movement
severely impaired

Gait
Documentation of functional benefits in motor performance following SDR
has not been methodologically rigorous owing to many factors: the uncontrolled
nature of the studies; the presence of confounding variables such as maturation,
other surgeries, variation in quality and intensity of therapy; and the use of
nonstandardized, subjective scoring of motor skills without elimination of
examiner bias.16 According to McDonald,16 one approach to objectively assess
functional change has been the use of the two dimensional kinematic gait
analysis. The gross motor function measure is also a reliable and validated tool
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applicable to CP which may prove useful in future efforts to objectively measure
change in function. 16
McDonald 16 found significant improvement in gross motor skills following
SDR as measured by the "mean functional movement" scale. In comparing
community ambulators, household ambulators, and nonambulators, the
nonambulators made the least gains in function. Improvements have been seen
in rolling, side sitting, tailor sitting, prone, kneeling, kneel standing, half-kneeling,
crawling, standing, and walking. The community and household ambulators
improved most in half-kneeling, whereas nonambulators improved most in long
sitting and side sitting.
The kinematic gait analysis gave both positive and negative information on
patients following SDR. 16 Positive changes consisted of increased average
velocity, stride length, normalization of sagittal plane motion, greater terminal
stance extension at the hip, better stance extension and swing phase flexion at
the knee, improvement in heel contact on initial floor contact, and reduced ankle
plantarflexion at initial contact, midstance, terminal stance, and swing. Negative
changes include flexed knee position at heel strike and greater flexion for the
knee mid-range than normal secondary to knee extensor weakness. Several
patients demonstrated excessive ankle dorsiflexion during midstance and
terminal stance secondary to weak plantarflexors or previously overlengthened
Achilles tendons. Most of the negative effects mentioned can be minimized by
therapy or were attributed to surgeries performed prior to SDR.
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Another study that reported the results of SDR on gait was written by
Cahan et al. 24 Using the instrumental gait analysis technique, they found that
postoperatively the majority of patients had reduced spasticity and improved
mobility. The study was done on 14 patients, 7 were independent ambulators
and 7 used some sort of assistive device to ambulate. All 14 patients were able
to walk after surgery. The seven who had been independent ambulators
retained the same level of independence. Six of the seven patients who required
assistive devices continued to use the same device and the remaining child
progressed from a reverse wheeled-walker to independent ambulation. The
velocity at which these patients ambulated increased by an average of 42% and
increased stride length by an average of 35%. The results of this study provide
support for the concept that SDR can improve gait by reducing the patient's
spasticity.
Boscarino et al 25 agree with other authors that the reduction in tone may
contribute to improvements in lower extremity joint passive ROM and gait
parameters. The explanation of changes in specific gait parameters between the
independent and dependent ambulators in this study may lie in the differences in
motor control and muscle tone. In both groups, voluntary motor control and the
ability to dissociate body parts during movement was often inhibited secondary
to the spasticity of the muscles around the joints. In general, the dependent
ambulators, mostly quadriplegic patients, had all four limbs and trunk involved
with greater spasticity, decreased motor control, greater dependence on primitive
reflexes, and associated reactions as compared with the independent ambulator,
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diplegic patients. With a reduction in spasticity, the less involved patients with
diplegia may have better potential to use motor control and show improvements
in selected gait parameters.
Peacock et al 21 ,26 reported results that strongly support the use of SDR for
increased mobility. The study included 40 children, 35 of these children had high
or very high tone prior to surgery. Immediately postoperative, the children were
weaker but they rapidly recovered and in only one case was there persisting
weakness. The ability to side-sit was reported to be improved in all cases;
crawling, for those whom it had been a problem, was improved; and posture in
standing was also improved in all but one case. Fourteen of the children were
walking independently prior to surgery and it was considered that 12 of these
had a much improved walking pattern, with increased range of knee movement
and stride length. They also reported one child whose walking and running
appeared to become normal following surgery. Five of eight children who had
used walking aids prior to surgery were able to independently ambulate without
the aids. Of 13 children who had walked with support of a person before
surgery, one became independent, eight could walk with aids, and four still
needed the same support. At least six months was needed to see a full recovery
and ultimate benefits from this procedure.
Hip Subluxation
Hip subluxation and dislocation are common problems in children with
spastic CP, occurring in 3% to 59% of patients,27,28 Hip subluxation in
ambulatory patients affects posture and gait and also causes pain. Hip
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dislocation in nonambulatory patients causes fractures of the lower extremities,
skin ulcerations, difficult perineal care, as well as pain. The cause of these hip
abnormalities is multifactorial, but predominant spasticity in the hip flexors and
adductors plays an important role in the development of hip
subluxation/dislocation. By decreasing spasticity, dorsal rhizotomy might be
expected to decrease the incidence of hip subluxation in children with cerebral
palsy.
While reduction of spasticity following the dorsal rhizotomy may halt the
progression of hip subluxation, it may also adversely affect hip stability and
exacerbate hip subluxation. This is particularly true in patients with persistent hip
dysplasia. 27
In the normal child, lateral extrusion of the femoral head should be absent
in children younger than four years old and less than 5% lateral extrusion
present in older children. 29 A mild degree of lateral extrusion of the hips is
frequently noted in children with cerebral palsy, and the lateral extrusion index
may increase with growth. Greene et al29 observed rapid progression of lateral
extrusion which is certainly atypical. They reported that lateral extrusion of the
femoral head increased by an average of 5.5% per year in children with cerebral
palsy who did not have surgery. In contrast, seven hips in this study had rapidly
progressing subluxation which increased femoral head lateral extrusion from
25% to 50% in an average time of 1.1 years.
Most of the patients in Greene et al's29 series had spastic quadriplegia.
Because the study was not a cross-sectional analysis, they could not determine
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the type of cerebral palsy that is at a greater risk for progressive hip subluxation
after rhizotomy. Presently, Greene et al 29 believe that preexistent hip dysplasia
is more of a factor in rapidly progressive hip subluxation after rhizotomy than
whether the child has spastic quadriplegia or spastic diplegia. Hip dysplasia is
more common in cerebral palsy patients with quadriplegia, and approximately
60% of this group will have subluxed hips. The risk of dislocation is also higher
in this group. Patients with diplegia have a much lower incidence of dysplastic
hips.29
Park et al 27 studied 67 children with spastic diplegia who underwent
selective dorsal rhizotomy for lateral hip progression. Of the total 134 hips in 67
children, 75% (101 hips) remained unchanged, 17% (23 hips) improved, and 8%
(10 hips) worsened after dorsal rhizotomy. Thus, stability was achieved in 93%
of the hips examined. This study indicates that in children with spastic diplegia
(1) dorsal rhizotomy effectively prevents and halts hip subluxation, (2) abrupt
reduction of spasticity after dorsal rhizotomy does not adversely affect hip
stability, and (3) dorsal rhizotomy reduces the likelihood of future orthopedic
operations for hip subluxation. Without dorsal rhizotomy, many of the patients
would have developed progressive hip migration and required orthopedic
operations. None of the hips that were well seated under the acetabulum before
the dorsal rhizotomy deteriorated to show progressive hip migration after the
rhizotomy.27 There is no doubt, however, that with the passage of time, some of
these patients may require orthopedic surgery for persistent hip deformities
despite the dorsal rhizotomy.
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Heim et al 28 studied 45 children with spastic quadriplegia who underwent
SDR. Of the 90 hips treated, 9% (eight hips) improved, 80% (72 hips) remained
unchanged, and 11 % (ten hips) worsened. This yielded a stability rate of 89%.
These data suggest that children with spastic quadriplegia undergoing dorsal
rhizotomy are certainly at risk of developing progressive hip subluxation
postoperatively, but the risk is small. They suggest radiographic assessment of
hip stability at regular intervals to ensure timely orthopedic treatment for patients
if hip subluxation should occur.
Muscle imbalance, coxa valga, and femoral anteversion are all factors
that increase the risk of subluxation/dislocation in children with CP.16 It has been
suggested that tone reduction after SDR might prevent progression to hip
dislocation.16 On the other hand, sparing the L1 rootlet could theoretically
accelerate the progression of dislocation for a hip at risk. Due to the sparing of
L1, the hip flexors could be overpowering the weaker hip extensors, thus causing
progressive subluxation. Greene et al,29 however, do not advocate extending a
rhizotomy proximal to the L2 nerve rootlets because this necessitates
laminectomy to levels that would further potentiate development of spinal
deformities.
Steps are now being taken to help prevent further hip subluxation
following SDR. Abbott 22 suggests obtaining preoperative hip x-rays and placing
the children who they believe are at risk for hip subluxation in orthosis with single
lateral upright bracing attached to a pelvic band after their surgery. This will
support the hip joint during ambulation and help prevent hip subluxation.
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Other Effects
Improvement in function, other than in the lower limbs, has also been
found following SDR. Some of these improvements include self-care skills,
upper extremity use, and speech. Dudgeon et al 23 suggest that children with
spastic diplegia have the most to gain in terms of improved self-care after SDR
and postoperative therapy. This finding is consistent with other reports regarding
selection of children most likely to benefit from this procedure. Children with
spastic quadriplegia appear to make minimal or no gains in self-care in the
months following rhizotomy and therapy. However, a reduction of care provider
assistance or a lessening of dependence on assistive devices cannot be ruled
out as potential benefits. Functional improvements were seen in daily tasks, but
scores on upper limb reach and coordination tests did not consistently improve in
this study.23 Park et al 27 also noted studies that reported improved upper
extremity function as changes in self-care skills.23
Specific changes in self-care are believed to result from enhanced
dynamic balance in standing and sitting. 23 Improvement in function has also
been attributed to improved postures, proximal control, transitional movements,
and balance. These areas would all have an impact on fine motor skills.
In the study done by Peacock et al,21 ,26 children with problems above the
waist demonstrated improvement after lumbosacral rhizotomy: 19 of 28 children
with problems in the upper limbs improved, and 5 of 9 with articulation defects
improved. It was suggested that this was due to inhibition of overflow effects
from lower levels. They also reported better seizure control in three children,
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better bladder control in two, and improved emotional status and motivation, but
these findings cannot be accepted uncritically on the information presented by
Peacock et a1. 21 ,26
Nazar et al 13 and McDonald 16 also found SDR to have suprasegmental
effects, Their unexpected findings included some of the same written by
Peacock, but the list, shown in Table 3, was slightly more extensive, The
physiology underlying these results, however, is not clearly understood,
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Table 3.-0ther Effects of SDR
Improved speech and oral-pharyngeal control
Increased voice volume and endurance
Reduced nystagmus
Decrease in mass reflexes
Decreased spasticity in upper limbs
Improved fine motor control
Improved seizure control
Improved bladder control
Increased postural tone
Positive personality changes
Increased agility and freedom of movement

CHAPTER VI
CONCLUSION
Selective dorsal rhizotomy is a surgical procedure for the reduction of
spasticity. This procedure has been developed over the past 100 years and
many advances have been made since the beginning. Through the
developments that have been made in the procedure, serious complications
have been eliminated. With advancement in technology, discerning between an
abnormal versus a normal response to stimulation has become much simpler.
Questions still exist about the surgery: why cutting the sensory nerve rootlets
versus the motor nerve rootlets reduces spasticity or what proportion of the
nerve rootlets sectioned has an influence on clinical outcome.
SDR has become a valuable tool in the management of spasticity in
selected patients with CPo Appropriate patient selection is vital to the success of
SDR. The patient with a diagnosis of spastic diplegia, exhibiting good motor
control with some degree of forward locomotion and young age appear to make
the most functional gains from this procedure. SDR is also recommended for
severely involved children to facilitate positioning and reduce the deforming
influence of spasticity. Many studies have been done to define the different
benefits a patient may receive from SDR. They report increased ROM,
decreased muscle tone, improved gait patterns, decreased incidence of hip
34
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subluxation, and other effects outside the realm of the nerve roots being cut.
These effects have allowed patients to become more functional in their daily
living skills.
Physical therapists play an important role in the treatment of patients
before and after rhizotomy. In order for the operation to be successful, it is
necessary that an intensive postoperative physical therapy regimen be followed.
It is essential for physical therapists to understand the procedure, the
complications that could occur, and the functional outcomes that have been
researched . This knowledge will enable the therapist to set appropriate goals for
the patients following surgery and treat them effectively and efficiently.
The limitations of this literature review include the amount of research
available. The research that has been done on SDR has shown some excellent
outcomes for a patient's tone, mobility, and suprasegmentary effects. The
research does not, however, show conclusive evidence for the long-term results
of these effects. Most patients have either changed physicians or moved after
one year postop so outcomes greater than this cannot be judged. The available
research does not actually give functional outcome information necessary to
prove SDR's efficacy.
Further research on SDR is recommended. Although postoperative
findings have been encouraging, objective analysis and documentation of these
findings is necessary to provide insight into the treatment of spasticity.
Development of reliable and consistent measurement tools needs to be
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addressed so that interrater reliablity is more accurate when evaluating these
patients .
Research comparing SDR in conjunction with physical therapy to physical
therapy alone needs to be done. This would help determine whether SDR is
critical to the functional improvements these patients may make. A tracking
system for patients following SDR should be developed to achieve improved
long-term data collection . This will help determine if SDR makes a significant
difference in the patient's function as he/she matures.
With advances in research and technology, further evidence regarding the
effectiveness of SDR can be documented. Selective dorsal rhizotomy will
continue to be an option for individuals afflicted with spasticity, most often
children with cerebral palsy, as a means of attempting to improve function.
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